Ubiquitin-specific-processing protease 34 (USP34) is a deubiquitinase that is involved in the pathogenesis of various cancers. Its roles in diffuse large B-cell lymphoma (DLBCL) are unknown. The present study aimed to determine the level of USP34 expression and to explore its association with clinicopathological features and prognosis in patients with DLBCL; a total of 30 cases of reactive lymphoid hyperplasia and 131 cases of DLBCL were included in this study. The level of USP34 expression was examined by immunohistochemistry (IHC), and correlations between USP34 expression and clinicopathological features and prognosis were analyzed. In addition, mutations, expression and clinical significance of USP34 in DLBCL were evaluated using data from The Cancer Genome Atlas (TCGA). USP34 expression was significantly higher in DLBCL compared with expression in reactive lymphoid hyperplasia. In DLBCL, overexpression of USP34 was associated with older age, germinal center B cell-like (GCB) subtype, multiple extranodal involvements and higher International Prognostic Index (IPI) scores. No significant association was identified between USP34 protein level and patient survival. In the TCGA dataset, low USP34 mRNA expression was demonstrated to be associated with a poor disease-free survival (DFS), but not with overall survival (OS) in patients with DLBCL. In conclusion, high expression of USP34 protein in DLBCL was associated with older age, GCB subtype, multiple extranodal involvement and high IPI scores of DLBCL. USP34 may be a valuable marker for the assessment of patients with DLBCL, and further studies are needed to clarify USP34 expression on DLBCLs.
Introduction
Current cancer statistics indicate that non-Hodgkin lymphoma (NHL) has the sixth highest morbidity rate and the ninth highest mortality rate of all cancers (1) . Diffuse large B cell lymphoma (DLBCL) is the most common type of NHL, and is an aggressive lymphoma with heterogeneous morphology, various molecular abnormalities and different clinical outcomes (2, 3) . DLBCL has been stratified based on gene expression profiling and is classified into two subgroups: Germinal center B cell-like (GCB) and non-germinal center B cell-like (non-GCB). This demonstrates the different responses to treatments and clinical outcomes (2) ; however, a recent study has reported that there was no difference in survival rate between these two groups of treatment (4) . The standard treatment for patients with DLBCL is rituximab monoclonal antibody combined with cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP) chemotherapy, which has significantly improved the outcome (3) . Although the 5-year overall survival (OS) and the event-free survival of patients with DLBCL have increased to 70 and 52%, respectively, one-third of patients experience refractory disease or relapse following treatment (5, 6) . Therefore, studies investigating novel signaling pathways and potential therapeutic targets for DLBCL are necessary.
Expression and clinical significance of ubiquitin-specific-processing protease 34 in diffuse large B-cell lymphoma
The ubiquitin proteasome system is vital for protein degradation and maintains normal cellular biological processes, including cell cycle, apoptosis, differentiation, DNA repair and signaling pathways (7) (8) (9) . Ubiquitination may be reversed by deubiquitinating enzymes (DUBs), which remove ubiquitin from ubiquitinated proteins. Deubuiquitination by DUBs is involved in the pathogenesis of breast cancer and inflammation (7) . Ubiquitin-specific-processing protease (USPs), the most prominent family of DUBs, serve fundamental roles in the ubiquitin system (10) , and the role of various USPs has been examined in cancer pathogenesis. For example, USP10 was reported to be an independent poor prognostic factor of gastric carcinoma (11) . USP14 was revealed to induce cell proliferation and promote apoptosis in breast cancer and epithelial ovarian cancer cells (7, 12) . In addition, previous studies have demonstrated that USP22 was a poor prognostic factor in oral squamous cell carcinoma and invasive breast cancer (8, 13) .
USP34 is located on chromosome 2p15 and encodes a deubiquitinating enzyme that was previously demonstrated to stabilize β-catenin and modulate Wnt signaling (14) . USP34 was also demonstrated to prevent constitutive activation of Toll-dependent immune signaling (15) . In addition, USP34 was reported to negatively regulate nuclear factor (NF)-κB signaling in T cell receptor-dependent lymphocyte activation (16) . A number of recent studies have linked USP34 with various diseases. For example, USP34 may serve a potential role in the pathophysiology of polycystic ovary syndrome (PCOS), although no significant correlation has been identified between PCOS and USP34 gene polymorphisms in the Chinese women involved in that study (17) . A previous case study of 2p15-p16.1 microdeletion syndrome revealed that USP34 may affect the fundamental developmental process of nervous system (18) . In addition, a gain of USP34 due to duplication in the 2p15-p16.1 region was frequently observed in patients with DLBCL compared with controls by qPCR (19) (20) (21) , and USP34 may participate in the transformation from follicular lymphoma to DLBCL (19) . Recent studies using array comparative genomic hybridization, single-nucleotide polymorphism (SNP)-chips and gene expression profiling analyses have revealed high levels of USP34 expression in DLBCL tissue chips (18) (19) (20) (21) (22) .
The present study aimed to examine the expression level of USP34 in DLBCL and to explore its association with the patient clinicopathological features and prognosis. In addition, a dataset from The Cancer Genome Atlas (TCGA) was used to assess genetic mutations, expression and clinical significance of USP34 in DLBCL.
Materials and methods
Patients and tissue samples. A total of 131 patients with DLBCL and 30 patients with reactive lymphoid hyperplasia were included in this study. Patients with DLBCL were recruited between July 1, 2011 and September 30, 2015, and all DLBCL diagnoses were confirmed following 2008 WHO criteria. The median age for patients with DLBCL at diagnosis was 54 years (range 18-86 years). The follow-up time ranged between 0.5 and 63 months. None of the patients had a history of immunodeficiency. The tissue used for initial diagnosis (as detailed below) was used to measure USP34 protein expression levels. For DLBCL, these tissues included lymph nodes (n= 43), mainly neck and inguinal lymph nodes, and extranodal lesions (n=88), mainly in stomach, intestines, liver, spleen and brains. Of the 131 patients with DLBCL, 78 were treated with chemotherapy, among which 39 received R-CHOP treatment, 29 received CHOP therapy and 10 received other chemotherapy (methotrexate or temozolomide). Hematoxylin and eosin (H&E) staining on these tissues was performed at room temperature in order to observe the morphology using a light microscope (Olympus BX53; Olympus Corporation, Tokyo, Japan). The H&E staining dyeing procedure is as follows: i) The paraffin tissues were dewaxed with xylene scavenger for about 20 min. ii) Different concentrations of ethanol (95, 80 and 70% ethanol) were used to remove xylene. iii) distilled water was used for 1 min to remove alcohol. iv) Subsequently, tissues were immersed in hematoxylin dye for 1 min, and v) washed with tap water for 1 min. vi) Hydrochloric acid (0.5%) was used to differentiate alcohol 2 sec and tap water for 2 sec. vii) Subsequently, tissues were immersed in 1% lithium carbonate solution for 1 min, washed in tap water for 1 min, distilled water for 1 min, and immersed in 0.5% eosin for 10 sec. viii) Subsequently, tissues were washed with distilled water for 2 sec, dehydrated with different concentrations of alcohol, and ix) xylene was used as a clearing reagent to remove the alcohol from the tissues. Finally, tissues were sealed with neutral balsam. Furthermore, clinical stage was assessed based on WHO Ann Arbor Criteria (2008), and patient status was evaluated with Eastern Cooperative Oncology Group (ECOG) and International Prognostic Index (IPI) scores. Additionally, 131 patients with DLBCL were utilized to analyze the corresponding clinical information. This study is approved by Ethics Committee of the First Affiliated Hospital of Guangxi Medical University, and written informed consent was obtained from each patient prior to enrollment in the study.
Immunohistochemistry. Formalin-fixed paraffin-embedded tissues were sectioned (4 µm) and used for immunohistochemical analysis. The slides were baked at 65˚C for 6 h, and subsequently dewaxed (23), the slides were rehydrated through an ethanol series. EDTA buffer PH:9.0 solution (1:50; Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing, China) for antigen retrieval following 3 min of high-pressure, and the endogenous peroxidase activity was inhibited with 3% hydrogen peroxide for 20 min at room temperature. The primary antibody against USP34 (1:200; catalog no. ab91617; Abcam, Cambridge, UK) was added and incubated at 4˚C overnight. Tissue sections were also incubated with primary antibodies against B-cell lymphoma (BCL)-2, BCL6 (Fuzhou Maixin Biotech Co., Ltd., Ningde, China), CD20, mutated melanoma-associated antigen (MUM)-1, CD10 and Ki67 (Ready to use; OriGene Technologies, Inc., Beijing, China) were incubated at 37˚C for 1 h. Sections were subsequently incubated with secondary antibodies (Polymerized HRP-Anti Mouse/Rabbit IgG; Shanghai Changdao Biotechnology Co., Ltd., Shanghai, China) for 30 min at 37˚C. Following incubation, secondary antibodies were removed and slides were washed three times with PBS. Expression was developed with 3,3'-diaminobenzidine buffer, and slides were counterstained with hematoxylin. Following staining, sections were dehydrated for transparency and slides were sealed with neutral balsam. The positive control tissues were selected according to a previous study (23) and primary antibodies were replaced with PBS in the negative control groups.
Evaluation of immunohistochemical staining. From a previous study it was demonstrated that USP34 is expressed in the nucleus of DLBCL cells, and in the cytoplasm and/or nucleus of reactive lymphoid hyperplasia cells (19) . As no previously published studies describe the detection of USP34 protein expression with immunohistochemical method in tumors, the immunohistochemical evaluation standards of the USP family, including USP2a (24), USP9X (25), USP10 (11), USP14 (7,12), USP22 (13, (26) (27) (28) (29) , USP28 (30) and USP39 (31), in tumors were used, and the middle evaluation standard value was considered as the cut-off value of USP34. The expression level of USP34protein was scored with a combination of intensity and percentage of positive tumor cells (26, 27, 31) . The staining intensity of USP34 was scored as follows: 0, colorless; 1, light yellow; 2, yellowish brown; and 3, dark brown. The percentage of USP34-positive DLBCL cells was scored as follows: 0, ≤5%; 1, 6-25%; 2, 26-50%; 3, 51-75%; and 4, >75%. Overall USP34 expression level was calculated by multiplying the percentage score with the intensity score, such that a score <6 was considered as low expression and a score ≥6 was defined as high expression. BCL2, CD20 and CD10 were observed in cytomembrane of DLBCL cells; BCL6, MUM1 and Ki67 were stained in nucleus of DLBCL cells. The selection of antibodies and the evaluation standards (32,33) were kept with clinical proposals applied by the Department of Pathology, The First Affiliated Hospital of Guangxi Medical University (Nanning, China) based on the current clinical practice. Tissue samples with >25% stained tumor cells were considered as positive for BCL2, CD20, CD10, BCL6 and MUM1, and >70% for Ki67. All slides were evaluated independently by two experienced pathologists.5 fields were selected using the Olympus BX53 and 1,000 cells were counted per field at high magnification (x400), repeated at least three times to evaluate the immunoreactivity.
cBioPortal analysis of TCGA dataset. Genetic alterations of USP34 in 48 DLBCL cases from TCGA (cancergenome.nih. gov/) (34, 35) were analyzed with 'OncoPrint' of cBioPortal (www.cbioportal.org) (36) . The clinicopathological and survival significances of USP34 were displayed in the 'plot' and 'survival' modules of cBioPortal, respectively. The integral clinical data of USP34 mRNA expression in 48 DLBCL cases were downloaded from cBioPortal, and the correlations ofUSP34 and clinical features of DLBCL were analyzed by SPSS 22.0 (IBM Corp, Armonk, NY, USA), with r>0 indicating a positive correlation and r<0 indicating a negative correlation. In addition, the network graph of USP34 and possible related pathogenic genes in DLBCL were downloaded from cBioPortal.
Statistical analysis. Statistical analysis was analyzed using SPSS 22.0 (IBM Corp., Armonk, NY, USA). Categorical data was calculated by χ 2 test and Spearman's rank correlation, and data are presented as the mean ± standard deviation. Kaplan-Meier analysis was applied to estimate OS, progression-free survival (PFS) and Disease-free survival (DFS), and the differences between curves were measured with log-rank test. Multivariate analysis of prognosis was assessed by Cox proportional hazards model. P<0.05 was considered to indicate a statistically significant difference.
Results
Morphology and immunohistochemistry. H&E stained sections of DLBCL and reactive lymphoid hyperplasia tissues were evaluated under a microscope. Morphologically, DLBCL is characterized with diffuse infiltration of tumor cells with the destruction of normal architecture in lymph nodes or extranodal tissues. Lymphoma cells had abundant cytoplasm, vesicular chromatin and inconspicuous to distinct nucleolus. The nucleus of tumor cells was equal to or larger than the nucleus of background macrophages (Fig. 1A) . The main histologic changes of reactive lymphoid hyperplasia manifested follicular hyperplasia, paracortical lymphoid hyperplasia or sinus histiocytosis, while the normal structure maintained (Fig. 1B) .
USP34 protein expression was primarily detected in the nucleus of DLBCL cells (Fig. 1C) , whereas in lymph nodes with reactive hyperplasia, it was mainly located in cytoplasm and nucleus of cells in germinal center, medullary cord and medullary sinus (Fig. 1D ). The number of USP34+ cells was significantly higher in DLBCL (nucleus; 58.8%; 77/131) compared with those cells in reactive lymphoid hyperplasia tissue (cytoplasm and/or nucleus; 36.7%; 11/30; P=0.028).
Association of USP34 expression and clinical features in patients with DLBCL.
Correlations between USP34 protein expression and clinicopathological parameters were assessed in 131 patients with DLBCL (Table I ). The overexpression of USP34 was associated with older age (χ 2 =4.979; P=0.026), GCB subtype (χ 2 =3.871; P=0.049), multiple extranodal involvements (χ 2 =4.401; P=0.036) and high IPI scores (χ 2 =3.897; P=0.048). By contrast, the expression of USP34 protein was not significantly correlated with sex, clinical stage, B symptoms (37) lactate dehydrogenase (LDH), hemoglobin (Hb), ECOG score, BCL2 expression status or Ki67 expression status (P>0.05).
Survival analysis of patients with DLBCL.
Of the 131 patients with DLBCL, the median follow-up time was 27.1 months (ranging between 0.5 and 63 months). The 3-year and 5-year OS rates were 54.9% [95% confidence interval (CI); 49.8-60.0%] and 29.4% (95% CI; 22.1-36.7%), respectively. In univariate analysis, unfavorable clinical variables for prognosis were elderly age (P= 0.036), advanced clinical stage III-IV (P= 0.035), high LDH level (P<0.001), high IPI scores (P<0.001), non-GCB subtype (P= 0.031) and positive BCL2 expression (P=0.028; Fig. 2A -F, respectively; Table II) , whereas USP34 protein expression was not associated with OS or PFS (P>0.05; Fig. 2G and H, respectively) . To eliminate the influence of non-chemotherapy on the prognosis, survival analysis of 78 patients who received chemotherapy were further analyzed. Patients with DLBCL that had clinical stage III-IV (P=0.021), high LDH (P<0.001), high IPI scores (P=0.001) or non-GCB subtype (P=0.044), had worse prognosis ( Fig. 3A -D, respectively; Table III ). In addition, no significant association was identified between the expression of USP34 and OS or PFS (P>0.05; Fig. 3E and F, respectively).
TCGA data analysis via cBioPortal platform. Of the 48 patients with DLBCL (TCGA, provisional) in cBioPortal, 15 (31%) had genetic alterations of USP34 in 'OncoPrint', which included mRNA upregulation, in-frame and missense mutations ( Fig. 4) . To better understand the target genes associated with USP34 in NBCLB, online predictions from cBioPortal was used, and these genes (PSP27A, TNKS2, AXIN2, AXIN1, UBA52, TNKS, RNF146, ATM) were regarded as the potential target genes of USP34 and an interaction gene network of USP34 with other genes in DLBCL is provided in the Fig. 5 . No significant correlations were identified between USP34 mRNA expression level and clinical stages (Fig. 6A) . A total of 4 out of the 15 patients with alterations were deceased, and the median survival time was 116.72 months; and 5 out of the 32 cases without alterations were deceased, and the median survival time was 211.07 months. No significant association was demonstrated between USP34 genetic alterations with OS ( Fig. 6B ) in the present data, respectively, data also showed no significance with disease free survival and OS in TCGA dataset (DFS; P>0.05; Fig. 6C . OS; P>0.05; Fig. 6D ). In TCGA dataset 47 cases of DLBCL contained adequate clinical information. The average expression level of USP34 mRNA was regarded as the cut-off value. No significant relationship was identified between USP34 mRNA level and clinical parameters (P>0.05) (data not shown). In univariate survival analysis, no clinical factor was found to be associated with OS (P= 0.994; Fig. 7A ). However, patients with low USP34 expression (P= 0.049; Fig. 7B ), stage III-IV (P= 0.045), high ECOG score (P= 0.007), advanced IPI scores (P= 0.018) or non-chemotherapy (P=0.002) were indicated to be associated with poor DFS. Although USP34 mRNA level was associated with DFS, the OS was not affected.
Discussion
USP34 is a deubiquitinase that has become a topic of interest in recent years (16, 17) . Previous studies have reported that USP34 may be involved in the pathogenesis of various diseases (14, 15) ; however, the role of USP34 in DLBCL remained to be determined. Thus, it is important to investigate whether USP34 serves a role in DLBCL pathogenesis. In the present study, the expression level and the clinical significance of USP34 in 131 patients with DLBCL were analyzed, and it was demonstrated that USP34 is expressed at higher levels in DLBCL compared with reactive lymphoid hyperplasia. In addition, increased of USP34 expression was associated with older age, GCB subtype, multiple extranodal site involvements and high IPI scores in patients with DLBCL (3, 6) . In the present study, positive USP34 expression was more often to be detected in patients with GCB immunophenotype. Consistent with this finding, the increased expression of USP34 was detected by SNP-chip in GCB subtype of DLBCL cases (20, 21) . A previous study on DLBCL reported a gain of 2p15 and 2p16.1 was more frequent in the GCB subgroup compared with the non-GCB type, and poor prognosis was exhibited in the 2p15 amplified region (21) . The present study analyzed the role of USP34 in GCB-subtype DLBCL, no significant association was found between USP34 protein expression level and clinical parameters or survival. Using a TCGA dataset, a number of cases were identified with mRNA upregulation, in-frame and missense mutations of USP34. However, pathogenesis of USP34 in DLBCL, particularly in the GCB subtype, requires further investigation. In this study, the clinical outcome of 131 patients with DLBCL was analyzed. In the univariate survival analysis, clinical stage III-IV, high LDH level, high risk IPI and non-GCB subtype were associated with poor OS of DLBCL. In addition, poor OS was seen in patients with advanced age and positive BCL2 expression. These data are consistent with previous studies, which reported that reduced OS was associated with older age, elevated LDH, advanced stage, non-GCB subtype and high risk IPI score (3, 6) . Although USP34 protein expression was associated with older age and multiple site involvement, no significant relationship was found between USP34 level and OS, PFS or DFS. By contrast, analysis from TCGA datasets indicated that low USP34 mRNA expression level was associated with poor DFS, but not OS. The mechanisms mediating this discrepancy are uncertain, but USP34 was measured at different level (mRNA vs. protein) in the TCGA data set and in patients recruited in the present study.
Although USP34 expression was not associated with OS, increased USP34 expression in DLBCL, compared with reactive lymphoid hyperplasia, and its association with adverse clinicopathological features indicated that USP34 may serve a potential role in DLBCL pathogenesis. The potential roles of USP34 in cancer are multifocal. USP34 is closely linked to the Wnt signaling activation through the stabilization of β-catenin (14) . AXIN, a key component of cellular machinery, induces phosphorylation of β-catenin. The present study identified a potential network connection of USP34 with AXIN1 and AXIN2 in TCGA, but this needs to be verified. In DLBCL, potentiated Wnt/β-catenin signal transduction was previously reported, along with forkhead box P1 overexpression, and Wnt-targeted therapy was examined in DLBCL (38) . In addition, USP34 was reported to be a DNA damage-responsive protein and regarded as the downstream target of ataxia telangiectasia-mutated in DNA damage (9) , and the interaction between them was identified in TCGA. A link between DSP34 and the NF-κB pathway is also described (39) . NF-κB and B cell-receptor signaling may be activated by the E3 ubiquitin ligases cellular inhibitor of apoptosis 1 and 2 in activated B cell-like DLBCL. USP34 was reported to be distributed in cytosol and to negatively regulate NF-κB signaling pathway via the downstream CARMA1/BCL10/MALT1-inhibitor of NF-κB kinase complex in Tlymphocytes (16) . In addition, USP34 was reported to prevent Toll pathway and immune deficiency-dependent immune signal in Drosophila (15) . In a recent study, E3 ubiquitin-protein ligase pellino 1, which serves a pivotal role in the activation of NF-κB pathway and Toll-like receptor signaling, was demonstrated to be associated with a poor prognosis of patients with DLBCL (40) . The research of USP34 in DLBCL is limited, and future studies to explore its function are needed.
In conclusion, high USP34 protein expression was identified in patients with DLBCL, and was associated with older age, GCB subtype, multiple extranodal extension and high risk IPI. Future studies will focus on exploring the role of USP34 in the pathogenesis of DLBCL.
